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The clinical applications ofthallium-201 scintigraphy are
less well defined in children than in adults. However,
the published data indicate several potential applications
including assessment of: 1) deficit in left ventricular myo-
cardial perfusion, 2) early right ventricular volume or
pressure overload, or both, and 3) the right ventricle in
Historically, a variety of radioactive tracers have been used
to evaluate the human myocardium. These include potas-
sium-43, cesium-129, rubidium-81, thallium-201 and tech-
netium-99m complexes. The most common tracers em-
ployed in clinical practice are thallium-20l and technetium-
99m pyrophosphate. Their clinical value has been supported
by numerous investigations (1,2) in adult patients.
Because the spectrum of heart disease in children differs
markedly from that in adults, myocardial imaging is an
infrequent procedure in children. Although the clinical ap-
plications of thallium-201 myocardial scintigraphy are less
defined in children, preliminary experience (3) suggests sev-
eral potential applications. Thallium-20l has been used in
a limited manner in children to: I) detect fixed changes in
left ventricular myocardial perfusion and regional perfusion
reserve, 2) assess early right ventricular volume or pressure
overload, or both, or right ventricular hypertrophy due to
noncardiac disease, 3) detect cardiomyopathy due to sys-
temic disease, 4) evaluate the right ventricle in congenital
heart disease, and 5) assess the results of surgical intervention.
Properties of Thallium-20t
Thallium-201 is a metallic element in Group 3A of the
Periodic Table of Elements with properties similar to those
of potassium. Like potassium-43 and rubidium-81 , thallium-
20 I has an inhibitory effect on myocardial sodium potassium
adenosine triphosphate (ATP)ase activity in the presence of
sodium and potassium ions. Thallium is biologically similar
to potassium in body organ distribution. The physical-chem-
ical explanation for this biologic similarity is that the hy-
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both cyanotic and acyanotic congenital heart disease. In
this report, the applications of thallium imaging to pe-
diatric diseases are described and the advantages and
disadvantages of the procedure are enumerated.
(J Am Coil CardioI1985;5:128S-39S)
drated ionic radius of thallium lies between that of potassium
and rubidium. The ionic radius has been suggested as the
property that determines the passive penetration of an ion
through the lipid layer of cell membranes. The use of thal-
lium in clinical nuclear medicine was first proposed in 1970
by Kawana et al. (4). Thallium-201 decays by electron
capture and has a 73 hour physical half-life. The principal
photon peaks occur at 135 and 160 keY; in addition, it emits
the characteristic X ray of mercury with energies between
69 and 83 keY with 98% abdundance. The 80 keY X-ray
of mercury is at the lower end of the energy spectrum, which
is suitable for imaging with adequate resolution using cur-
rent gamma scintillation cameras.
Several properties of thallium-201 make it clinically de-
sirable as an imaging tracer for myocardial evaluation. When
compared with potassium and rubidium, a greater percent
of the injected dose of thallium concentrates in the myo-
cardium, and it has a lower hepatic uptake. Between 2 to
5% of the administered dose of thallium concentrates in the
myocardium. This quantity of tracer is influenced by the
rate of turnover of the intracellular pool in the myocardium.
The myocardial half-life of thallium is longer than that of
potassium; therefore, myocardial imaging may be performed
at least up to 1 hour after thallium administration and still
reflect myocardial perfusion at the time of administration.
The extent of accumulation of thallium-201 in normal
myocardium is related to both coronary blood flow and
cellular extraction of the tracer by myocardial tissue (5,6).
Strauss et al. (7) and DiCola et al. (8) demonstrated a linear
relation between regional blood flow and thallium accu-
mulation. The extraction of thallium by myocardial cells is
extremely efficient. Weich et al. (9) reported an extraction
fraction for thallium of approximately 88% under normal
basal conditions. Hypoxia will decrease the extraction frac-
tion even if coronary blood flow is constant. Therefore, it
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seems that the cellular extraction by the sodium-potassium
ATPase system plays a dominant role in the cellular ac-
cumulation of thallium (10,1 I ).
Thallium Study Techniques
Thallium-20l myocardial scintigraphy can be performed
in the resting state or after exercise. In children, the ex-
amination is most often performed at rest. The tracer is
injected intravenously in a dose of approximately 1.15
mCi/m2 , with a minimal dose of 300 j.tCi. Injection is per-
formed with the child in a fasting state and in the upright
position when feasible. Thallium scintigraphy can be per-
formed without difficulty in all children. Older and coop-
erative children do not require sedation. Young children and
some infants may require sedation. The total body radiation
dose in children is 0.4 to I rad and the target organ dose
(kidney) is 0.9 to 2.5 rads. No known toxicity is associated
with the administration of standard doses of this tracer.
Multiple projections (anterior, left anterior oblique and
lateral) are obtained using a single crystal gamma scintil-
lation camera and a computer. Approximately 5 minutes
after tracer administration, imaging is begun. If an exercise
study is performed, both immediate and delayed images
must be obtained.
Image display. Currently, there is lack of complete
agreement on the most effective way to display thallium-
201 myocardial images. Diagnostic information can be ob-
tained by viewing unprocessed analog images. More re-
cently, thallium images have been SUbjected to various com-
puter mani!-,ulations. Programs have been developed to isolate
Figure 1. Scintigrams from a 4 year old child with ventricular
septal defect and pulmonary hypertension. The tracer was injected
at rest. There is marked accumulation of the thallium in the right
ventricle. Both ventricular chambers are dilated. LAO = left an-
terior oblique.
the myocardium by subtracting background regions of in-
terest. The isolated myocardial images can then be processed
by simple background subtraction or more complex quan-
titative analysis. The major advantages of using a computer
to process thallium images is that several different contrast
brightness settings can be obtained. It is best to evaluate
the images for lung blood pool activity by comparing it with
the ventricular activity at low contrast settings. Higher levels
of contrast can be used to detect small changes in thickness
of the myocardium or to compare one myocardial region
with another.
In the normal child, thallium-201 is distributed homo-
geneously throughout the myocardium. In some children,
this appears as a relative diminution of tracer uptake at the
apex of the heart on the anterior view because of normal
apical myocardial thinning. Accumulation of thallium per
gram of tissue is identical in the left and right ventricle.
Because the mass of the left ventricular wall is normally
thicker, only the left ventricle is demonstrated on thallium
images perfonned at rest. The right ventricle is not usually
visualized in normal children because it has 90% of the
blood flow per gram of the left ventricle, but is approxi-
mately one-third the thickness. When the free wall of the
right ventricle is demonstrated, its mass or blood flow, or
both, per gram must be as great as that of the left ventricle.
During tachycardia, exercise and conditions that result in
an increase in right ventricular muscle mass or blood flow,
the free wall can be detected on the anterior and oblique
views.
Clinical Applications
Right Ventricular Overload and Hypertrophy
A promising application of thallium-201 in infants and
children is the noninvasive assessment of right ventricular
overload or hypertrophy, or both. Quantitative assessment
o ,.
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of right ventricular overload by other noninvasive methods
may be difficult. Thallium can be used to detect and, in a
semiquantitative manner, assess abnormalities of the right
ventricle in both primary cardiac disease and right heart
disease due to pulmonary disease. This method has been
evaluated clinically and in laboratory animals
Experimental data. Wackers et al. (12) examined the
pathophysiologic correlation between visualization of the
right ventricle with thallium-20l in dogs with acute right
ventricular pressure overload induced by acute pulmonary
artery constriction, acute right ventricular volume overload
induced by left to right atrial shunting or right ventricular
hypertrophy induced by chronic pulmonary artery constric-
tion. The right ventricle in dogs, as in human subjects, was
not visualized in the control state, but was clearly demon-
strated in all pathologic states. In right ventricular pressure
overload and, to a lesser degree, right ventricular volume
overload, the ratio of right ventricular to left ventricular
thallium uptake per gram of tissue and right ventricular/left
ventricular mean blood flow per gram of tissue were sig-
nificantly greater than values in the control dogs. The dogs
with right ventricular hypertrophy had values that were not
significantly different from control values. However, the
total right ventricular/left ventricular thallium tissue uptake
and total right ventricular/left ventricular mean blood flow
(right ventricular blood flow -:- left ventricular mean blood
flow x right ventricular mass -:- left ventricular mass) were
not significantly different from those in acute right ventric-
ular pressure overload and right ventricular hypertrophy.
The degree of right ventricular hypertrophy correlated well
with the total right ventricular/left ventricular thallium tissue
uptake ratio, but quantitative analysis correlated less well
with computerized images.
Consequently, visualization ofthe right ventricle on thal-
lium-201 images obtained at rest does not invariably in-
dicate right ventricular hypertrophy, but may reflect an
acutely increased right ventricular work load. These data
indicate that in acute right ventricular pressure overload,
right ventricular visualization is mainly due to an increase
in right ventricular blood flow per gram of tissue, whereas
in right ventricular hypertrophy, it is mainly due to an in-
crease in right ventricular muscle mass. The total tissue
accumulation of thallium correlates with the degree of right
ventricular hypertrophy, but quantitative analysis of thal-
lium images is of limited value. If there is clinical evidence
of a recent increase in right ventricular work load, such as
occurs in acute pulmonary vascular occlusion or acute cor
pulmonale, right ventricular visualization on thallium scin-
tigraphy may be predominantly due to an increase in right
ventricular blood flow. In patients in stable condition, right
ventricular visualization on thallium imaging performed at
rest probably represents right ventricular hypertrophy.
Clinical studies. In patients, several reports (13-15) have
demonstrated that the visualization of the right ventricle with
thallium-201 is associated with elevated right ventricular
systolic pressure and increased pulmonary vascular resis-
tance. However, because the right ventricle may be visu-
alized in acute right ventricular volume or pressure overload
before the development of myocardial hypertrophy or with
tachycardia, the significance of right ventricular thallium
uptake in each patient must be carefully evaluated in light
of the clinical findings.
Quantitative thallium imaging. Computer techniques have
been developed to quantify the amount of right ventricular
uptake relative to background or left ventricular uptake.
Quantitative thallium-20l myocardial imaging for assessing
Figure 2. Scintigrams from a 3 year old child who has had repair
of tetralogy of Fallot with absence of the pulmonary valve. The
tracer was injected at rest. There is a faint uptake of tracer in the
free wall of the right ventricle, indicating residual right ventricular
hypertrophy. The right ventricular chamber is significantly dilated.
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the effects of elevated right ventricular pressure in children
with congenital heart disease was evaluated by Rabinovitch
et al. (16). They studied 24 patients ranging in age from
7 months to 30 years. Eighteen were evaluated befor cor-
rective surgery and six were evaluated after correction. All
but three patients had congenital heart defects that had re-
sulted in right ventricular pressure or volume overload, or
both. Their data suggested that if thallium counts emanating
from the right ventricle were less than I % of the injected
dose or less than 0.3 of the left ventricular counts, the right
ventricular peak systolic pressures were less than 30 mm
Hg. This was found in six patients. In the remaining 18
patients, there was good correlation between the right ven-
tricular/left ventricular thallium count ratio and right ven-
tricular pressure. All patients with right ventricular peak
systolic pressure at half systemic level or greater had a right
ventricular/left ventricular thallium count ratio at or greater
than 0.4. The percent of the right ventricular thallium counts
correlated less well than did the right ventricular/left ven-
tricular ratio with either the level of right ventricular peak
systolic pressure or with the right ventricular/left ventricular
peak systolic pressure ratio. They concluded that quanti-
tative analysis of myocardial imaging with thallium can be
used in patients with congenital heart defects in assessing
the severity of pulmonary stenosis or the presence of pul-
monary hypertension (Fig. I).
Pressure versus volume overload. Similarly, Ohsuzu et
al. (17) demonstrated the favorable clinical role of thallium-
201 myocardial imaging in evaluating right ventricular over-
load by comparing it with the results with electrocardio-
Figure 3. Scintigrams from a 17 year old patient with cystic
fibrosis and cor pulmonale. The thallium was injected at rest. There
is uptake of tracer in the free wall of the right ventricle. The right
ventricular chamber is slightly dilated.
graphic and hemodynamic variables. They studied 47 pa-
tients who had chronic right ventricular overload, including
28 with pressure overload, 14 with volume overload and 5
with combined pressure and volume overload. They noted
that with pressure overload only, the degree of right ven-
tricular visualization correlated with the elevation of right
ventricular systolic pressure. With volume overload only,
the right ventricular free wall was always visualized; the
degree of right ventricular visualization correlated with an
increasing pulmonary to systemic flow ratio. Pressure over-
load could be differentiated from volume overload by the
morphologic characteristics of the myocardial image, but
not from the degree or type of uptake. With pressure over-
load, the interventricular septum seemed to appear straight.
However, with volume overload, the right ventricular cavity
appeared to be dilated and the interventricular septum was
convex to the right. The sensitivity of myocardial imaging
for the diagnosis of right ventricular pressure overload was
93.3%, which was higher than that achieved by applying
electrocardiographic criteria for right ventricular hypertrophy.
Right ventricular hypertrophy. Reduto et al. (18) re-
ported on the radionuclide evaluation of right and left ven-
tricular function after total correction of tetralogy of Fallot.
They noted that thallium-201 images showed substantial and
quantifiable right ventricular uptake consistent with residual
right ventricular hypertrophy in many patients. To define
the magnitude of abnormal right ventricular thallium uptake,
right ventricular/left ventricular count densities were ob-
tained from the image data. The average number of thallium
counts per pixel was determined for both the right ventricle
and left ventricle. Patients with residual right ventricular
hypertrophy had an average right ventricular/left ventricular
ratio of 0.6 (Fig. 2).
Chronic pulmonary disease. Chronic pulmonary disease
may lead to severe right-sided heart disease. The most com-
mon chronic lung disease associated with right ventricular
T 10 • 1
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hypertrophy in children is cystic fibrosis. Newth et al. 09)
evaluated 32 patients with cystic fibrosis using thallium-201
imaging. The¥ compare~ the thallium results with results
from other nonimaging techniques, including electrocardi-
ography, vectorcardiography and M-mod~ echocardiog-
raphy. The patients studied had a wide spectrum of clinical
and puJmonary abnormalities. In all p~tients, the thallium
scalls, like the vectorcardiograms and M-mode echocardio-
grams, gave a surprisingly high proportion of positive pre-
dictions for right ventricular hypertrophy (44%). However,
correlation between the noninvasive methods was poor. The
investigators suggested caution when using thallium to de-
termine right ventricular hypertrophy for the prediction of
the natural history of cor pulmop.ale in cystic fibrosis. Six
of their patients had clinical evidenc~ of right ventricular
failure and, in this disease setting, must have had right
ventricular hypertrophy. In three of these patients, right
ventricular hypertrophy was confirmed at autopsy. The thal-
lium scan predicted right ventricular hypertrophy success-
fully in five of the six patients. One false negative thallillm
image was recorded. This was probably due to myocardial
ischemia secondary to severe right ventricular failure. In
contrast, the vectorcardiogram using Fowler's criteria made
a successful prediction of right ventricular hypertrqphy in
all six patients; the electrocardiogram predicted right ven-
tricular hypertrophy in only three. The M-mode echocar-
diogram was abnormal in all p~tients, but it predicted right
ventricular hypertrophy with increased right ventricular an-
terior wall thickness in only one patient. These investigators
concluded that thallium imaging was an excellent way of
confirming right ventricular hypertrophy in cases of estab-
lished right ventricular failure, but that it offered no sig-
nificant advantage over vectorcardiography (Fig. 3).
Left Ventricular Abnormalities and Ischemic
Heart Disease
In addition to its usefulness in evaluating abnormalities
of the right ventricle, ttIallium-201 imaging can be used to
evaluate the left ventricle and ischemic heart disease in
children. Thallium imaging can be performeq not only at
rest, but the tracer can be injected immediately after or
during exercise. This application has become a routine pro-
cedure in adults to evaluate myocardial ischemia due to
coronary artery disease. It has been less extensively used
for this purpose in children. This examination provides both
anatomic and physiologic confirmation of myocardial is-
chemia and an accurate means of assessing the results of
surgical intervention. The causes of myocardial ischemia
and infarction in children are listeq in Table 1 (Fig. 4).
Differentiation of anomalous left coronary artery from
congestive cardiomyopathy of ot);ter causes. Infants with
anomalous origin of the left coronary artery from the pul-
monary artery may be difficult to differentiate from those
with congestive cardiomyopathy of other origin such as
idiopathic endocardial fibroela~tosis. Both con~itions may
result in cardiqmegaly with congestive heart faih-!re with
either no murmur or with the munnur of mitral insufficiency.
Th.e electrocardiogram frequently, but not invariably, re-
ve~ls evidence of myocardial ischemia or infarction ill pa-
tients with anOf!l~19uS left coronary artery. However, in
p~tients with congestive cardiomy~pathy the electrocardio-
graphic patterns may mimic those of myocardial infarction.
Although the two entities are distinguishable at cardiac cath-
eterization, this procedure has risk, especially in critically
ill children (20-22).
Thallium-20l myocardial perfusion imaging is a tech-
nique that has been used to demonstrate areas of myocardial
infarction and ischemia in adults with coronary artery dis-
ease. In this regard, it is equally effective in children. Gut-
gesell et al. (22) used thallimp myocardial perfusion imaging
in 16 children who ranged in age from 1 month to 4 years
to distinguish congestive cardiomyopathy from an anoma-
lous left coronary artery. Seven had ~n anomalous left coro-
nary artery and nine had idiopathic congestive cardio-
myopathy. Localized abnormalities of thallium uptake were
found ill eacll of the seven patients with an anomalous left
coronary artery, including two asymptomatic 4 year old
chilqren. Thallium distribution was normal in five patients
with congestive cardiomyopatllY, diffusely irregular in three
and absent jn the lateral and posterior bas&l segment of the
left ventricle in one (Fig. 5).
Similarly, Finley et al. (23) performed thallium-20 1 im-
aging on six patients with anomalous left coronary artery
arising from the pjllmonary artery. Initial images in three
children demonstrated anterolateral perfusion defects in
agreement with the electrocardiographic localization of the
myocardial infarct. Repeat imaging in two patients 2 to 3
Table l. Causes of Myocardial Ischemia and
Infarction in Children
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Figure 4. Scintigrams from a 14 month old
infant who had surgical repair of transposition
of the great arteries. She had a complicated
postoperative course. A, Myocardial imaging
with technetium-99m pyrophosphate demon-
strateS uptake of tracer in the lateral aspect of
the left ventricle consistent with a recent myo-
cardial infarction. B, thallium imaging dem-
onstrates a perfusion deficit on the posterola-
teral aspect of the left ventricle.
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months later after clinical improvements with medical ther-
apy for congestive cardiac failure demonstrated a reduction
in the size of the perfusion deficit. In three other patients
who had had surgical correction of an anomalous left coro-
nary artery (ages 16, 16 and 20 years), thallium imaging
performed during exercise demonstrated normal myocardial
perfusion 7 to 15 years after the operation. It was the con-
clusion of this study that thallium is a helpful adjunct in
monitoring changes in myocardial perfusion before and after
Figure 5. Scintigrams from a 6 year old patient with anomalous
origin of the left coronary artery from the pulmonary artery. Thal-
lium imaging was performed at rest. There is a perfusion defect
of the lateral aspect of the free wall of the left ventricle. The left
ventricular chamber is dilated.
medical or surgical treatment of anomalous left coronary
artery and may shed light on the pathophysiology of the
perfusion defect. As in adults, a practical limitation of
Figure 6. Scintigrams from a newborn infant with
perinatal asphyxia. There is lack of tracer uptake
in the myocardium and there is excessive accu-
mulation of the tracer in the pulmonary blood pool.
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Figure 7. Scintigrams from a 2 year old child with endocardial
fibroelastosis. The tracer was injected at rest. The ventricular myo-
cardium is thinned, but no perfusion deficits are seen. The ven-
tricular chamber is markedly dilated.
thallium imaging in infants and children is the difficulty in
detecting subendocardial myocardial infarction.
Transient myocardial dysfunction. Occasionally in the
newborn period, transient myocardial dysfunction and res-
piratory distress can result in severe hypoxia in the absence
of congenital heart disease. There can be rapid improvement
in myocardial function after correction of the hypoxia, but
electrocardiographic evidence of myocardial ischemia can
persist after clinical resolution of the syndrome.
Myocardial perfusion imaging in this syndrome has been
reported (24) to show extremely poor uptake of thallium-
20 I in the myocardium relative to the lung, a pattern that
is suggestive of global myocardial ischemia. An alternative
explanation of this imaging pattern is increased pulmonary







Figure 8. Scintigrams from a 2 year old child
with Kawasaki syndrome. The thallium was
injected at rest. The ventricular chamber is
markedly dilated and has a large perfusion de-
fect on the anterolateral aspect of the free wall.
Note increased tracer uptake in the lungs be-
cause of congestive cardiac failure .
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tricular dysfunction. This latter phenomenon has been doc-
umented in adults. The radionuclide pattern in this syndrome
differs somewhat from that noted in children with myocar-
ditis or other forms of congenital myocardial disease in
whom tracer uptake is generally normal or only inhomo-
geneous in nature (Fig. 6).
Idiopathic congestive cardiomyopathy. In children with
either of these conditions, the left ventricular cavity is fre-
quently enlarged and there is inhomogeneous uptake of tracer
by the left ventricular myocardium (Fig. 7). Diseases such
as hypoplastic left heart syndrome with compensatory right
ventricular hypertrophy can be detected with thallium-20l
imaging.
Kawasaki disease. This clinical syndrome consists of
several weeks of fever that is unresponsive to antibiotics,
conjunctivitis and reddening of the lips, tongue, orophar-
yngeal mucosa, palms and soles. There is desquamation of
Figure 9. Scintigrams from a 14 year old boy with idiopathic
hypertrophic subaortic stenosis. The thallium was injected al max-
imal exercise on a treadmill. There is marked thickening of the
left ventricular myocardium with a very small ventricular chamber.
There is a perfusion defect at the apex of the left ventricle.
the finger tips, cervical adenopathy and various cardiac ab-
normalities. The cardiac manifestations may be mild, con-
sisting of sinus tachycardia, or severe, resulting in massive
myocardial infarction. The prognosis is usually good, but
death occurs in 1 to 2% of cases typically because of cardiac
disease (25-27).
Figure 10. Scintigrams from a newborn infant with single ven-
tricle and transposition of the great arteries. The thallium was
injected at rest. The ventricular chamber is abnormally oriented
in a lateral direction. An interventricular septum was not identified.
4-
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Pathologically, the involvement of the heart in Kawasaki
disease is an acute inflammatory process. The characteristic
findings include acute vasculitis and perivasculitis with in-
flammation of the adventitia of arterioles, capillaries and
venules, including the vasa vasorum ofthe coronary arteries.
Acute pericarditis, interstitial myocarditis and endocarditis
have also been observed. The interstitial myocarditis con-
sists of infiltration with both polymorphonuclear cells and
lymphocytes. Later stages of the disease include severe ste-
nosis, thrombosis and aneurysm formation of the coronary
arteries (28).
Several noninvasive imaging techniques are available to
evaluate the heart in children with Kawasaki disease. Thal-
lium-201 myocardial perfusion imaging is useful in detect-
ing myocardial ischemia or infarction (29-31). Gated blood
pool imaging will detect regional or global abnormalities of
left ventricular ejection fraction. Echocardiography is useful
in detecting coronary artery aneurysms and assessing ven-
tricular function (Fig. 8).
Idiopathic hypertrophic subaortic stenosis and coro-
nary artery disease. Clinical evaluation in combination
with echocardiography has proved to be highly reliable in
establishing the diagnosis of idiopathic hypertrophic sub-
aortic stenosis. However, the evaluation of angina pectoris
in these patients has been a diagnostic problem. Abnor-
malities of the electrocardiogram obtained at rest, including
abnormal Q waves in the inferior and lateral precordial leads
as well as left ventricular hypertrophy with ST segment
abnormalities, contribute to the difficulties in electrocardio-
graphic diagnosis. With the development of techniques for
myocardial perfusion imaging, noninvasive assessment of
Figure 11. Scintigrams from a 2 year old child with Pompe's
disease. The thallium was injected at rest. There is massive left
ventricular hypertrophy with obliteration of the ventricular cham-
ber. Note increased pulmonary accumulation of the tracer because
of congestive cardiac failure.
myocardial hypoperfusion can be obtained (32).Although
the sensitivity of myocardial perfusion imaging varies with
the number and location of vessels involved, many studies
suggest that it is more sensitive than treadmill exercise test-
ing alone. When abnormalities are present on both the ex-
ercise electrocardiogram and the myocardial perfusion im-
ages, the sensitivity and specificity for myocardial ischemia
approach 90% (32). Thus, stress myocardial perfusion im-
aging can playa role in identifying false positive stress test
results as well as aid in the interpretation of test results in
patients with pre-existing electrocardiographic abnormalities.
Clinical experience suggests that stress thallium-20l
myocardial perfusion imaging allows the estimation of re-
gional blood flow to areas supplied by critically narrowed
coronary arteries. The coexistence of idiopathic hyper-
trophic subaortic stenosis and coronary artery disease has
been substantiated in many patients (33). Rubin et al. (34)
evaluated the usefulness of stress perfusion imaging with
thallium in 10 symptomatic patients with idiopathic hyper-
trophic subaortic stenosis who had angina pectoris and nor-
mal coronary angiograms. The rest electrocardiogram dem-
onstrated left ventricular hypertrophy with ST segment
abnormalities in seven patients, thereby negating any further
increase in ST segment abnormalities that developed in these
patients during exercise or in the postexercise period. Of
the three patients with a normal rest electrocardiogram, one
had significant exercise-induced ST segment depression.
Thallium myocardial imaging revealed no significant per-
fusion deficits in 9 of the to patients. In one patient with
severe left ventricular hypertrophy, significant perfusion def-
icits developed after exercise that were not found on the
rest study. The scan indicated ischemia of the anterior and
anterolateral walls and septum. The angiogram revealed an
unusually massive hypertrophy of the anterior wall of the
left ventricle that could suggest an imbalance between left
ventricular muscle mass and coronary blood flow.
All seven patients with electrocardiographic evidence of
7 '7'2 L."O JI... '
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left ventricular hypertrophy demonstrated further ST seg-
ment depressions of at least 1 mm during exercise. In five
patients, typical anginal chest pain developed during the
exercise period. Nonetheless, six of the seven patients had
normal exercise perfusion scintigrams, suggesting that this
technique is superior to stress electrocardiographic testing
or clinical evaluation for assessing the status of the coronary
arteries in patients with idiopathic hypertrophic subaortic
stenosis who have angina pectoris (Fig. 9).
Evaluation of cardiac morphology. Although two-di-
mensional echocardiography is superior to nuclear imaging
techniques in evaluating cardiac morphology, knowledge of
thallium-20 1 imaging patterns can be used in specific cir-
cumstances. An example of this is the differentiation be-
tween patients with a large ventricular septic defect from
those with single ventricle. Imaging with thallium will allow
one to visualize the interventricular system, if present, thereby
differentiating between these two entities (Fig. 10). Also,
radionuclide techniques, including thallium imaging, have
been employed in the differential diagnosis of congestive,
restrictive and hypertrophic cardiomyopathies (Fig. 11).
However, this potential use has not been developed in pe-
diatric patients.
Costs
A major disadvantage of the use of thallium-20l is its
cost. Thallium is expensive because it is cyclotron-produced,
has a short physical half-life and is purchased on an indi-
vidual per patient dose basis. In addition, several technical
factors limit its efficacy. Its photon energy is not optimal
for currently available scintillation cameras. Therefore, the
spatial resolution with this tracer is less than that can be
obtained with technetium-99m radiopharmaceuticals. A
considerable portion of the tracer accumulates in organs
around the heart (in liver and lungs), which causes poor
contrast between the heart and background. Better contrast
and definition are obtained with the use of single photon
emission computed tomography. However, this system has
not been used extensively in children.
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